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(54) Process for the prockiction Of an ink Jet head 

(57) A process lor producing an ink jet head includ- 
ing an ink pathway communicated with a discfiarging 
outlet, and an energy generating element for generating 
energy utilized for discfiarging ink from said d'^charging 
outlet, said process comprising the steps of: providing a 
substrate provided with said energy generating element 
thereon; forming a photosensitive layer comprised of a 
ionizing radiation decomposable photosensitive resin 
containing a crosslinkable structural unit on said sut>- 
strata so as to cover said energy generating element 
disposed on saM substrate; 8ut)jecling saki photosensi- 
tive resin l^er to crosslinking treatment to convert 



photosensitive layer into a aosslinked photosensitive 
layer; forming a coating resin layer on said crosslinked 
photosensitive layer; hardening said coating resin layer; 
irracfiating ionizing radiation to said crosslinked photo- 
sensitive layer through said hardened coating resin 
layer to decompose sndi solubiiize said crosslinked pho- 
tosensitive layer so as to corrtribute to the^fornfiatfon of 
said ink pathway; and eluting said crosslinked pfx>to- 
sensrtive layer irradiated with said ionizing radiation to 
thereby form said ink pathway commurucated with the 
discharging outlet. 
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Description 

BACKGROUND OF THE INVENTION 

5 Held of The Invention 

The present invention relates to a process for producing an ink jet head for discharging ink which is used in an ink 
jet printing system. More particularty, the present inventfon relates to a process which enatsles to efficiently form a pre- 
cise ink pathway with no deformation for an ink jet head and to attain the massixcxiuction of a high quality ink jet head 
10 at a high yieki by way of a process for producing an ink jet head which includes the steps of forming a photosensitive 
resin layer capak)le of contributing to the formation of an ink pathway on a 8ut>strate for an ink jet head, forming a coating 
resin layer on said photosensitive iBSin layer, and removing a predetermined ink pathway-forming portion of said pho- 
tosensitive resin layer by way of elution to form an ink pathway. 

f5 Related Background Art 

There are known a numl)er of ink jet heads used in an ink jet printing system (or a liquid jet recording system) for 
perfonning printing. These ink jet heads are usually provided with a cfischarging outlet (whk:h will be hereinafter occa- 
sionally called an orifice) for discharging printing liquid (inl^). an ink pathway commumcated with sakj discharging outiet 

20 and an energy generating element for generating energy utilized for discharging saki ink. 

As for the production of such ink jet head, there is known a process wherein fine grooves for the formation Of ink 
pattiways are formed at a given plate made of glass, metal or the like k>y woodcutting Processing or etching process- 
ing, and the plate having the thus formed f foe grooves is joined with a 8ii)strate for an ink jet head whfoh is provided 
with discharging energy-generating elements to form ink pathways. Hcwever. as for this process for the production of 

2S an ink jet head, there are such problems as will he described in the following. That is, in the case where the formation 
of said fine grooves by way of the cutting processing, problems entail in that it is cfifficult for each of the fine grooves to 
have a smootti inner wall face, a crack or/and breakage are li^e to occur at the plate, and therefore, a desirable yieU 
cannot be attained. In the case where the formation of said fine grooves by way of the etcfiing processing, problems 
entail in that it is difficult to attain a unHbmily etched state for all the fine grooves obtained, and the process for practicing 

30 the etching processing is complicated, resulting in an increase in the production cost Therefore, there is a tendency for 
ink jet heads produced accading to the atx)ve process for the production of an ink jet head to be varied in printing cfiar- 
acteristics and therefore, the above process for the production of an ink jet head is difficult to stably mass-produce a 
desirable Inkjet head having ink pattiways having a unifbrm pattern at a high yieU. In addition, as for tiie above process 
for the production of an ink jet head, there is also a problem in that upon joining the plate having the fine grooves virith 

35 the substrate for an ink jet head, precise positioning between the two ment>ers cannot be easily conducted. Conse- 
(^entiy, the above process for the prSSijc^^ 
ink jet head at a high yiekJ. 

In order to eliminate the problems in the foregoing process for the production of an ink jet head, U.a Pat 1^. 
4.450.455 (hereinafter refen-ed to as document 1) discfoses a process for the production of a liqukf jet recording head 
40 (that is. an Ink jet head) which comprises provkfing a substrate for an ink jet head whfch is provided with energy gener- 
ating elements disposed thereon, forming a dry film connposed of a photosensitive resin material on the sut>strate for 
an ink jet head, forming grooves for the formation of ink pattrways at the dry film by way of photolithography, joining a 
top plate made of glass or the like to the substrate for an Inkjet head which is provkled witti the grooves using an adhe- 
sive to obtain a joined body, and mechanfoalty cutting an end portfon of the joined body to form discharging outiels. 

45 whereby cbtaining an ink jet fiead. 

The process for the production of an Inkjet head described in docunie^ has advantages in that as the grooves 
for the fomiation of ink pathways are formed by way of photolithography, the grooves can be precisely fonned as 
desired; and the joining of the substrate for an ink Jet head to the top plate can be easily conducted without a necessity 
of severely positioning the two members since the grooves for the formation of ink pattiways are previously fonmed at 

50 the energy generating element5-t}earing sut)strate for an ink jet head prior to joining the sut)s1rate to the top plate. Hew- 
ever, as for the process for ttie production of an Inkjet head described in document 1 . there are such disadvantages as 
will be desaibed in ttie following. That is. (1) in the step of joining the substrate for an ink jet head to the top plate, the 
adhesive is liable to get in the ink pathways formed, wherein there is a tendency for ttie resulting ink pathways to be 
deformed; (2) in ttie step of mechanically cutting ttie joined body in order to form ttie cfischarging outiets, a swari caused 

55 during ttie mechanfoal cutting is liable to get in the ink pathrays. wherein ttie resiiting ink jet head is liable to suffer from 
ctogging during ttie operation ttiereof for performing printing; and (3) since ttie ink pathway-forming portions of ttie 
joined body are caved, some of ttie discharging outtete formed by mechanically cutting the joined body are liable to t)e 
accompanied witti a tyeakage. 
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Consequently, the process for the production of an Inkjet head descrit)ed in document 1 is also not suitable for the 
mass-production of a high quality ink jet head at a high yieM. 

In order to eliminate these problems, U.S. Pat No. 4,657.631 (herelnaRer referred to as document 2) discfoses a 
process for the production of an ink jet head which comprises provkling a substrate for an ink jet head whk:h is pravkled 

5 with energy generating elements cfisposed thereon, forming a resin pattern (that is. a resin solid layer) composed off a 
soiubilizable resin at a predetermined ink pathway-fomiing portion on the substrate for an ink jet head, forming a coat- 
ing resin layer composed of epoxy resin or the like so as to cover the resin solid layer on the substrate for an Inkjet head, 
hardening the coating resin layer, and removing the resin solid layer by eluting it to form ink pathways, whereby obtain- 
ing an Inkjet head. In addition, U.S. Pat. Na 5,331 ,344 (hereinafter referred to as document 3) cfisdoses a process for 

10 the productbn of an ink jet head which comprises providing a substrate for an ink jet head whk:h is provided with energy 
generating elements disposed thereon, forming a two-layered photosensitive layer comprising a first photosensitive 
layer and a second photosensitm layer on the substrate for an ink jet head, fbrming a latent image pattem for the for- 
mation of ink pathw^ at the first photosensitive layer while forming a latent image pattern for the fonmatfon of discharg- 
ing outlets at the second photosensitive layer, and developing these two latent image patterns at the same time. 

75 whereby obtaining an ink jei head. Further. U.S. Pat No 5.458,254 (hereinafler referred to as document 4) discloses a 
process for the production of an Ink jet head based on the process described in document 2 wherein an Ionizing lacfia- 
tlon decomposable photosensitive resin is used as the constituent resin of the resin pattern (the resin solid layer) in the 
process descnt)ed In document 2. 

In any of the processes descrfoed in documents 2 to 4. a soiubilizable resin layer Is disposed at a predetermined 

20 ink pathway-forming portion on the substrate for an Inkjet head and a coating resin layer is cfisposed on the soiubilizable 
resin layer while maintaining the resin layer as it is. and the resin layer is renxsved by way of elutfon. wherein desired 
ink pattwways can be precisely formed without being defomrted and wi^ ink 
pathways whfoh is occurred inthecaseoftheprocessfortheproductionof an Inkjet head described in docunriem 1^ 
Further, in the case where an end portion of the substrate for an ink jet head which is provided with the coating resin 

25 layer thereon should be mechanically cut as in the process described in document 1. since the solubiliz^Me resin is 
charged in the ink pattiway-forming portion, a swarf caused upon the cutting operatfon is prevented from getting into tfie 
resulting ink pathways and the resulting cfiscfmrging outlets are prevented from suffering from a breakage. 

In documents 2 to 4, as the solut>ilizable resin, there is used a positive type resist in view of easiness for removal. 
The positive type resist is capable of forming a desired pattem by virtue of a difference between the solution vefodty of 

30 an exposed portion and that of a non-exposed portion. In any of the processes descril>ed In documerrts 2 to 4, the ink 
pathway^fonning portfon Is subjected to exposure and thereafter, it is removed 

In ariy of the processes described in documents 2 to 4, the fbrmatfon of the coating resin layer on the ink pathway- 
forming portion is conducted by way off so^ed solvent-coating process. The solvent-coating process is conducted in 
aniannerofcfissolvingaresin,whk:histobeappBedontoanot)|ect, in a given solvent and applying the resultant Kqifld 

35 onto the object The solvenftKX>aling process is ty^ ^^^^ 
has an advaritage in that a film having a'u^^ 

Now. particularly in the process for the productbn of an ink jet head of a so-called side shooter type whk^h has a 
discharging outlet above an electrothermal converting body as an energy generating element capable of generating 
energy utilized for discharging ink. said discfiarging outlet is fornYed at the coatir)g resin layer and therefore, the tfuck- 

40 ness of the coating resin layer is an trrponant factor of deckling the distance t>etween the electrothermal converting 
txxty and the discharging outiet which governs the ink discfiarging characteristics of the ink jet head. In view of this, the 
formation of the coating resin layer In ttie production of a side shooter type ink jet head is usually conducted by ttie spin 
coaling process. 

In the case of forming the coating resin layer by the solvent-coating process, as the solub'lizable resin layer com- 
45 prised of the positive type resist which corresponds the i nk pothway-fonning portion is prevfously disposed as above 
desabed. it is inportant to have a careful attention for tfie solvent to k>e used. Partfoularly when as tfie solvent used in 
the soh^-ooating process, a solvem having a excessively strong dIssoMng power is used, there is a tendency in that 
the exposed portion of the soiubilizable positive type resist is cfissolved while the non-exposed portton thereof being 
partiy dissolved, wherein the resulting ink pathways are liable to be accompanied witii a deformation. 
50 By the way. in order to form a film having on a sut)Strate for an Inkjet head at a uniform thickness by tfie solvent- 
coating process (ttiat is. ttie spin coating process), it is necessary to properiy adjust the evaporation rate and viscosity 
of a solvent used. As the film tiius formed in tiie Ink j et head field. It is i^ally made to have a ttilckness which Is thicker 
than that of a film formed in the semteonductor device field. Therefore, in order to form such thick film at a uniform thrck- 
ness In the Inkjet head field, related f Dm-fbrming conditions are necessary to be more severely controlled in comparison 
55 witti the case of forming the film in the semiconductor device f ieki. 

As ttie thkiviess of the coating resin film governs ttie discharging characteristics of ttie resulting ink jet head as 
above described, the adfustinenft of the evaporation rate and viscosity of the solvent used evenluallyalfec^ 
of an Inkjet head obtained. Particulariy ttie use of a solvent having a low evaporation rate can easily attain the formation 
of a fflm at a unifam ttilckness. However, solvents having a k]w evaporation rate are dissolving power. 
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In Ihe foregoing conventional processes for the production of an Ink jet head, when a solvent having a strong dissolving 
power is used upon the application of a ^en resin for the tarnation of the coating resin layer, a deformatfon is liat)le to 
occur at the resulting ink pathways, resulting in reducing the yieU of an ink jet head obtained. This situation makes it 
difficult to attain an improvement in the productivity of an Inkjet head. 

5 Consequentiy, in accordance with any of the conventional processes for the productfon of an ink jet head which 
includes the steps of forming a photosensitive resin layer contributing to the formation of an ink pathway on a sut)strate 
for an Inkjet head, forming a coating resin layer on the photosensitive resin layer, and removing a predetermined ink 
pathway-forming portion of the photosensitive resin layer by way of elution to form an ink pathway, there Is a prot)lem in 
that it is difficult to eff k^ientiy fonn a precise ink patfiway witti no deformation for an ink jet head and to attain ttie mass- 

10 production of a high quality ink jet head at an improved yield. 

SUMMARY OF THE INVENTION 

The present inventors conducted extensive studies through experiments in order to solve the foregoing problems 
IS in the prior art and In order to attain a process whk^h enables to effectively form an ink pathway with no deformation 
even when a solvent having a strong dissolving power is used upon forming the coating resin layer by way of the coating 
process and to mass-produce a high quality ink jet head at an improved yield. 

As a result, ttiere was obtained tiie folfowing f incfing. That Is, when a photosensitive layer composed of an ionizing 
radiation decomp06ak)le photosensitive resin containing a crossllnkable structural unit is formed at a predetermined Ink 
20 pattiway-fomning portion on a substrate for an ink jet head, the photosensitive layer is crosslinked. a coating resin layer 
is formed on the crosslinked photosensitive Icyer. and ionizing radiation is inradiated to a predetermined portion of the 
crosslinked photosensitive layer whk:h contributes to the fonnation of an ink pathway through ttie coating resin layer, 
the above aims can be effectively attained as desired. The present invention has been accomplished based on this find- 
ing. 

25 An object of the present invention is to provide a process whfoh enables to eff icientiy produce a hig^h quality ink jet 
head having a highly precise ink pathway at a high yieU. 

Anottier ot>ject of the present invention is to provide a process which enables to effk^ientiy produce a high quality 
Ink jet head having a highly precise ink pathway with no deformation at a high yield even when ttie coating resin layer 
is formed by ttie coating process while using a solvent having a strong dissolving power. 

30 A furttier object of ttie present invention is to provKle a process which enables to eff icientiy produce a high quality 
Ink jet head having a highly precise ink pattiway at a high yiekJ wittiout a sut)stantial limitation for ttie resin by which ttie 
coating resin layer is constituted and also for the solvent used upon forming ttie coating resin layer by ttie coating proc- 
ess. 

A still furttier object of ttie present invention is to provUe a process which enables to eff foientty produce a high qual- 
35 ity ink jet head having a highly precise ink pattiway at a h^h ^ekl whHe easily attaining unitonmity for the ttiickness of 
ttie coating resin layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 FIGs. 1 to 9 are schenatic views for explaining production steps of a first errtxxfimem^ 
tion of an Ink jet head according to the present invention. 

FIGs. 10 to 17 are schematic views for explaining production steps of a second embodiment of a process, for ttie 
production of an ink jet head according to the present invention. 

FIG. 1 8 is a schematic view for explaining a step of forming a discharging ouflet kiy way of photdittiography in ttie 
45 present invention. 

FIGs. 19to25areschenriaticviewsfbrexplainingproductionstepscf producing an Inkjet he^ 
belon^ng to ttie first embodiment of ttie present invention, whfoh will be later desaibed. 

FIGs. 26 to 31 are schematic views for explaining production steps of producing an ink jet head in Examples 5 and 
6 belonging to the second embodiment of the present invention, which will be later described. 
50 FIG. 32 is a schematic diagram illustrating an ink jet apparatus in which an ink jet head obtained according to the 
present invention can be used. 

DESCRIPTION OF THE INVENTION AND PREFERRED EMBODIMENTS 

55 The present invention attains ttie above obiecls. That is. ttie present invention is to provide an improved process 
whk:h enables to effectively and efTidentty produce a high quality ink jet head wittiout ttie foregoing problems found in 
the prior art 

Particularly, the present invention lies in a process for producing an Inkjet heed including an ink pattiway commu- 
nicated witti a discharging outiet and an energy generating element for generating energy utilized for discharging ink 
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from said discharging outlet, said process comprising the steps of: (i) providing a subtle for an ink jet head ^j^iich is 
prgvid^with saiila^^ thereon. (iilJbrming a phrtosejfet^^ q| ank^izing 

racfiation decompose pho^^ 

said energy generabng^dm fuOj^fc^ sak^^ 

5 ingtrealnrient to convert said photage fiv) forming a coat- 

ingj^^n.layer-on^said3osi^^^p^^^ (v) tordening said coating resin layer, (vi") inadiattng 

ioni^ng radiation to said crosslinl^ photosensitive r^n layer through said hardened coating resm layer to deconrpose 
and solulMlize said crosslinl<ed photosaisltlve resin layer so as to contribute to the formation off said ink pathway, and 
(vQ eluting saki crosslinked photosensitive resin layer irradiated with saki ionizing radiation to theretjy form saki ink 

10 pathway communicated with the discharging outlet 

According to the process of the present lnventk>n. upon forming the coating resin layer, the photosensitive resin 
layer contribuling to the IbrniatkKi off an ink pathway is in an insolutxiized state and therefore, even if a solvent having a 
strong dissolving power is used in the coating process off forming the coating resin layer, the coating resin layer is effi- 
ciently fbmied while attaining a desired unifomnAy for the thk:kness of the coating resin layer, wherein a precise ink path- 

15 way with no deformation can be effectively formed, resulting in produdng a high quality ink jet head at a high yiekJ. The 
process of the prevent inventk>n has further pronounced advantages in tfiat there is no siibslanlial limitation for the sol- 
vent used upon the formatk>n of the coating resin layer k)y way of the coating process and this situation niakes it possible 
to use resins, which coukJ not have been used for the fonnatkxi of the coating resin layer by way of the coating process 
in the prior art. for the formation of the coating resin layer. 

20 Ihe process for the production of an ink jet head according to the present inventkxi wnll be described in more detail 
in the following. 

Partk:ularly. the process for the production of an ink jet head according to the present invention includes a first 
embodiment and a second embodiment which wDl be described below. 

In the following, description wiD be made of each of the two embodiments. 

2S 

Rrst Embodiment ^ 

The first embodiment is cBrected to a process for the production of an ink jet head including an ink patffiway com- 
munfcated with a discharging outlet and an energy generating element for generating energy utilced for discharging ink 
30 from sakj cSscharging outlet, said process comprising the steps of : (a) provkiing a sul)strate for an ink jet head which is 
provkied with sakJ energy generating element thereon, (b) forming a photosensitive resin layer comprised of an fonlzing 
radiatnndeconposable photosensitive resin containing a crosslikable structural unit on sakj substrate so as to cover 
saU energy generating element disposed on saki substrate. 

(c) subjecting saM photosensitive resin layer to aosslinking treatment to convert saki photosensitive resin layer into a 
35 crosslinked photosensitive resin l^rer, 

(d) irradiating kmizing radiatkm to only a predetermined portion of the crosslinked photosenstive resin layer whk:h does 
not contribute to the fbnnatkxi of an ink pathway to decompose and solubilize saki predetermined portkxi. (e) r^noving 
s aa predete rmined portion Jn^ated with saki tonizing radiatton by way of ehitfon to form an ink pathway-forming pat- 
tern comprisif^the remainingao^inked photosensitive resin layer not irradated with sakJ tonizing radiation. (0 form- 

40 ing a coating resin layer on saci ink pathway-forming pattornso as to cover saki ink pathway-forming pattern, (g) 
^Jiaidening saki coating resin teyer, 
(h) iri^fiting ioniang^ palhway-fbmiing pattern through saki hardened,coati_^ 

bilize ssud ink pattrway-form pattern, and (0 removing saki ink pathway-forming pattern by way of elutton to thereto 
form saki ink pathway corrmjnk^ated with the discharging outlet. 

45 The process off the ffirst embocyment wiU be detailed while referring to FIGs. 1 to 9. FlGs. 1 to 9 are schemata views 
for explaining productton steps off the ffirst embodiment In FIQs. 1 to 9. there is desaibed off the productbn of an ink jet 
head having two discharging outlels (oriffk^). Howe^, this is only for simplifftoation purposes. It shouU be understood 
that the ink jet head includes InkJet heads having a number off discharging outtets and also an ink jet head having a 
discharging outlet. 

50 FIG. 1 is a schernatic view iHuslrating an example cf a substrate for an Inkjet heed whk:h is used fb^ 

of an ink jet head. In FIG. 1, reference numeral 1 incficates a substrate for an ink jet head, reference nunieral 2. an 
energy generating element capable of generating energy utilized for discharging ink. and reference numeral 3 an ink 
supply port. 

In the process of the first embodiment there is firstly prcvkled a sut)strate 1 for an ink jet head. 
55 The substrate 1 nray be constituted by an appropriate material selected from the group consist!^ glass, 
cerantics. plastks, metals and metal alkiys. The sut>strate also senses not only as an ink pathway wall-forming member 
but also as a ink chanter wall-forming member. Other than this, the substrate further serves as a support for a photo- 
sensitive resin layer (whk:h will be eventually removed) and a coating resin layer which will be later explained. There is 
no particular limitation for the shape of the substrate. 
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The substrate 1 1s provided wflh a plurality of energy generating elements 2 which are spacedly anranged at an 
equal intend on the suiface thereof. The energy generating element 2 may comprise an electrothermal converting ele- 
ment or piezo-electric element In FIG. 1 , there are shown only two energy generating elements, but this is only lor the 
simplification purpose. In practice, a mrrber of energy generating elements are usually arranged on the sitetrate 1. 

5 Each energy generating element sen^ to effect energy to ink in an ink pathw^, resulting in discharging ink in a droplet 
from a discharging outlet, whereby providing a print on a printing medium such as a paper. Particularly, in the case 
where an electrothermal converting element is used as the energy generating element, the electrothermal converting 
element generates thermal energy to heat ink present in the vicinity thereof whereby causing a state change for the ink 
to form a bubble, wherein energy generated based on a pressure change caused upon the formatk>n off the bubble 

10 effects as discharging energy to result in discharging ink in a droplet from a discharging outlet. In the case where a 
piezo-electric element is used as the energy generating element, energy caused by the mechanical vibration of the 
piezo-electric element Elects as discharging energy to discharge ink in a droplet from a discharging outlet. 

In any case, the energy generating element 2 includes a control signal inputting electrode electrically connected 
thereto (not shown). 

IS The substrate 1 may contain a proper functional layer capable of improving tiie durability of the energy generating 
element 2 which Is disposed thereon. 

In additk)n. as shown in FIG. 1 . the substrate 1 is pro/ided with a ink supply port 3 comprising a through hole which 
is disposed at a position of tiie substrate where no energy generating element Is present. 

Then, as shown in FKa. 2, on tiie substrate Ifbr an ink jet head, ttiere Is formed a photosensitive resin layer 4 com- 
20 posed of an k)nizing radiation decomposable pfiotosensitive resin containing a crosslinkable structural unit so as to 
cover the energy generating elements 2 disposed on tiie sut)stiate. The icNrazing jadiatio^^^ 
r.^CJSS^^f!^^<*yPt.^.at.^^ tiie irradiation of onizing radiatiorrt^ like)..a 
hjgfwnoirajla^ IQQOO or more i s converte d.intoa lownnolecular compound as 

a result of its intermoleojiar linkage having been broken. The kinizing radiation decomposable photosensitive resin 
25 retains film properties and a sirengtti as a hig|h-molecular conpound unless it is irractiated with ionizing radiation and 
because of this, tiie resin makes it possible to form a photosensitive resin film as tiie photosensitive resin layer 4 in a 
desirat^le state on the sitetrate 1 . 

The photosensitive resin layer 4 in tfie present invention is composed off a copolymerized high-molecular oonrv 
pound having an ionizing radiation decomposable structural unit and a cra^kable structural unit in its molecular struc- 
30 ture (that is. a photosensitive resin). 

The k)nizirig radiatiori decqn^i^^ fte copolymerized high-molecular compound can include 

pol^nytv^ by fo!!!W^Jf^^ qprriXMjnds 

represented by tiie fblbwing formula (|l)- 
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(wherein A is a structural unit capable of being crosslinked. is an alkyi group, R2 Is a group selected from the group 
consisting of alkyI groips, substituted and non-substituted aromatic rings, and heterocyclic rings, and m and n are 
respectively an integer.) 
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(wherein A is a structural unit capat)le of b&ng aosslinked. R3 is an alkyl group or halogen atom. R4 is a group selected 
from the groip consisting of alltyl groups, substituted and non-substituted aromatic rings, and heterocyclic rings, and m 
and n are respectively an integer.) 

2S Specific examples of such polyvinyl ketone series high-molecular compound represented by the general formula (I) 
are polymethyt isopropenyl ketone, pc^yphenyl isopropynyl ketone, pdymethytvinyl ketone, polyphenytvinyl ketone, and 
polyisopenyl-t-butyl ketona Specific examples of sudh^po^lymetacrylate'series high-molecular compound represented 
by the general formula (II) are polynietha^lat^poiyt^^^ pdyphenyl melh- 

acrylate, polyhexalluorol)utx[^^tegrylate.;an^ 

30 The atx>ve descrbed oopolymerized h^-molecutar compound comprises a copolymer in whnh aforesaid ionizing 
radiation decomposable structural unit is oopolymerized with a given crosslikable structural unit 

The aosslinkable structural unit can include reactive groups such as epoxy 9014), caiboxylic add group, carboxylic 
add chkxide group, hydnxxyl group, and unsaturated double bond group and corrpounds having these reactive groups. 
Spedfk; examples are glyddyl rnethacrylaie, jpghacylic a^jnd, chtoiide.. These reactive functk>nal 

35 groups may be intermoleculariy crossfinked by «^ of directly linking w jtti each other by the inadiatlon of heat or kmizing 
racfiatkxi. Altamatively. they may be intermolecularty crosslinked using a proper crosslinking agjeht (or a proper hard- 
ner). In the case of causing the crosslinking reactk>n by the irradiatkxi of ionizing radiatkm, it is possible to use a proper 
sensitizing agent (such as a radical polymerization initiator, catton polymerization initiator or the Ite). 

The copolymerization ratfo between the decomposable structural unit and the crosslinkable structural unit in tfie 

40 photosensitive resin (the copolymerized high-molecular compound) should be property determined depencfing on the 
situation, hlowever. in general, the molar ratfo of the <^^i^|2blesb3JCtural unit^^^^to ^ 
the copolymer, in this case, there can be suffidently attained a desirable resistance to solvents and a desirat)le heat 
resistance. In the case where the crosslinkable structural unit is excessive, there is a tendency that the decotrpositkm 
rate upon the inadiatfon of kmizing radiatkm is decreased. 

45 In the foDowing, there are shown certain copolymers as examples of the photosensitive resin containing the 
crosslinkable structural unit and the nnizing radiation decomposable structural unit, but these are only for Olustrative 
purposes and not restrictive. 
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45 

In Ihe present ennbodiment. it is desired for the photosensitive resin layer to be composed of any of the foregoing 
polyvinyl ketone series compounds. The polyvin^jjsi^ 

reactlon~(or sensitivityyapfgtmmng radation and therefore, the removal of the photosensitive resin layer ksy way of 
50 elution can t>e shortly carried out 

The formation of the photosensitive resin layer 4 may be conducted by a manner of providing a solution comprising 

a given ionizing radiation decomposable photosensitive resin dissolved in a given solvent applying the solution onto a 

proper film such as a PET film to form a liquid coat on the film, converting the liquid coat on the fflm into a dry f flm, and 

transferring the dry fflm onto the sut>strate 1 foraninkjetheadby usingalaminator. 
55 Altematively, thefbrmatfon of the photosensitive resin l^er 4 may be conducted by means of the soh^ent-<»ating 

process such as spin coating process or roD coating process. 

The photosensitive resin layer 4 thus fomned is crossfinked by heating it or irradiating fonizing radiation thereto. In 

tfie case where the photosensitive resin layer is crossGnked by the irradiation of fonizing radiation, it is a matter of 



9 



EP 0 734 866 A2 



course that ionizing radiation having a wavelength by which the photosensitive resin layer itself is decorrposed is not 
used. 

The photosensitive resin layer thus crosslinked is substantially insoluble in organic solvents. 

Then, as shown in FIG. 3. a patterning mask 5 is superposed on the surface of the crosslinkBd photosensitive resin 
layer 4. and ionizing radiation is inradiated to a predet^mined portion of the crosslinked photosensitive layer which does 
not contrflxite to the formation of an ink pathway to soliiMlize sakl predetermined portion, follcwed by eluting with ttie 
use of a solvent to renxjve the predetermined portton, whereby forming a ink pattiway-lbrming pattern 4a as shown in 
FIG. 4. TTie ink pathway-forming pattern 4a is comprised of the non-solut>ilized crosslinked photosensitive resin. The 
\rk pattiway4orming pattern 4a contributes to the formation of an ink pathway prcvkled with the ink supply port 3 and 
energy generating elements 2. 

In the present inventioa it is possible that the non-aosslinked photosensitive resin layer 4 is suk^'ected to patterning 
in the atxjve descrbed manner to form the ink pathway-forming pattem 4a and thereafter, the ink pathwaj^forming pat- 
tern is crosslinked. In this case, a due care should be made so that the ink pathway-conning pattem is not deformed. 

After the formation of the ink pathway-fomiing pattern 4a, as shown in FIQ. 5, tiiere is fbnmed a coating resin layer 
6 on the ir* pathway-forming pattern so as to cover the ink pathway-fomiing pattem. The coating resin layer 6 serves 
as a structural memt>er of an ink jet head arxJ therefore, the coating resin layer required to have a sufficient n^echan- 
ical strengtii, heat resistance, adhesion property to the sut>strate 1 for an ink jet he^, and resistance to ink. As the con- 
stituent material of the coating resin layer which satisfies these requirements, there can t>e mentioned hardening resins 
such as epoxy resin, acrylic resin, digtyool dialkyk;artx>nate resin, unsaturated polyester resin, diarylphthalate resin, 
polyurethane resin, poiyimide resia melanrane resin, phenol resin, and urea resin. These hardening resins are used 
together wtth a conventional hardening agent upon forming the coating resin layer. If necessary, it » possible to use light 
or thermal energy in order to harden any of these hardening resins by which the coating resin layer is constituted. 

The fornriation of the coating resin layer 6 nriay be conducted by a niam conprising any of 

the abot/e hardening resins dissolved in a given solvent and applying the solution onto tiie ink pathway-forming pattem 
4a by the solvent-coating process or another manner of heat-fusing any of the above hardening resins to obtain a fused 
resin and applying the fused resin onto the ink pathway-forming pattem by way of transfer mokfing. Herein, as above 
described, the ink pathway4ormtng pattem 4a is constituted by the crosslinked ionizing radiation decomposable photo- 
sensitive resin in a state of being sut>stantially insoluble in organk; solvents and t)ecause of this, the ink pathway-form- 
ing pattem is never dissolved in the organk; solvent used upon forming the coating resin layer by the solvent-coating 
process Hence, the ink pathway-forming pattem is never dissolved into the constituent material of the coating resin 
layer. Therefore, the interface between the ink pattiway-forming pattem 4a and the coating resin layer 6 is always main- 
tained in a desirable state without suffering from a negative influence. This situation provides pronounced advantages 
in that no substantial limitation is present as for the solvent used upon fbmning the coating resin layer by the solvent- 
coating process and therefore, any solvent, even if H is a solvent having a strong disso^ 

fbnration of ttie coating resin layer, and because of this, it is possibte to use resins whchcouU not have been used for 
the formation of the coating resin layer by the solvent-ooating process in the prior art, for the formation of the coating 
resin layer. Particulariy, as for the oonstituent resin of the coating resin layer, an optimum resin can be selectively used. 

After tiie fbrmatfon of the coating resin layer 6, discharging outtels are formed at the coating resin layer by way of 
dry etching using oxygen plasma. 

The fbnnation of the discharging outiets at ttte coating resin layer may be conducted, for example, in the following 
manner. 

That is, as shown in FIG. 6. a silicon series resist 7 capable of being a discharging outiet-forming patterning mask 
is superposed on the coating resin layer 6. fblfowed by subjecting to photolithography to form a discharging outiet-form- 
ing pattem. As the silkxm series resist 7, there can be used any silk»n series res^ 

ance to the dry etchmg using oxygen plasma. Spedffo exairples of such siFicone series resist are chrolomelhyl 
polydiphenyl sitoixane (trademaric name: Toyobeam SNR, produced tiy Toso Kabushiki Kaisha), polydimethyl sifoxane. 
polyphenyl sQcesquksxane, and silicon-containing polymethacryl resin. These silicon series resists are of the fonizing 
radiation functional type and they are sensitized by Deep-UV rays and electron rays. Otiier than these silicon series 
resists, UV ray-functional type resists whk:h have been recentiy devefoped are also usable. 

Successively, as shown in FIG. 7. the coating resin layer 6 is subjected to dry etching by applying oxygen plasma 
to the coating resin layer through ttie silicon series resist 7 to torni discharging outiets 9. The dry etching using oxygen 
plasma is desired to be conducted by using an anisotropk; etching apparatus such as a reactive etching apparatus or 
a magnetron ion etching apparatus. As for the etching condition, it is necessary to optimize the oxygen gas pressure 
and the electric power applied in order to make the anisotropic etching possible. Since the silicon series resist 7 is 
hardly ^ed in the etching operation, it is possible form the discharging outiets at a high preciskMi. The etching end 
point may be set aft tiie stage where the ^ing reaches tiie ink pathw^-fornung pattem 4a. There is no need for a pre- 
cise detection of the etching end point 

Ottier than the above described dry etching manner using oxygen plasma, the formation of the discharging outiets 
at the coating resin layer may be conducted by a nenner of superposing a mask having a discharging outiet-forming 
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pattern on the coating resin layer, followed by subjecting to irradiation of exdmer laser or another manner of constituting 
the coating resin layer by a photosensitive resin, follcwed by subjecting the coating resin layer to photolithography as 
shown in FIG. 18. 

In the case where the discharging outlets has been tbnned using oxygen plasma or excimer laser, it is necessary 
5 to harden the coating resin layer. 

After the formation of the dscharging outlets at the coating resin layer 6. as shown in FIG. 8, ionizing radiation is 
InBdiated to the ink pathway^nning pattern 4a through the coating resin l^er 6 to solubilize the ink pathway-forming 
pattern. 

Finally, the solubilized ink pathway-fonning pattern 4a is eluted with the use of a solvent to remove it whereby form- 
10 ing a ink pathway 8 (see. FIG. 9). Thus, ttiere is obtained an ink jet head. 

in the above, descr^on has been nriade of the case of produdng the sti^ However, His 

a matter of course that the present invention can be empk:^ also for ttie production of an ink jet head of the edge 
shooter type of discharging ink in the direclkxi afong the face on which energy generating elements are arranged. In 
the case where the presem inventfon is enployed for the proc^on of the edge shooto 
75 outlets are formed at an end portion of the substrate for an Ink jet head having the coating resin layer formed thereon 
and therefore, the above discharging outlet-forming step is not necessary to be conducted. 

Second Embodiment 

20 The second embodiment is different from the first embodiment with a point that in the first embodiment before the 
formation of the coating resin layer, the photosensitive resin layer is patterned to have the ink pathway-forming pattern; 
but in the second embodiment after forming the coating resin layer on the photosensitive resin layer, the photosensitive 
resin layer is patterned to have an ink pathway^forming pattern. 

Particularfy, ttte second enrtediment is directed to a process for ttie production of an ink jet head including an ink 

25 pathway communicated with a discharging outf et and an energy generating element for generating energy utilized for 
discharging ink from saki cfischarging outlet, sakl process comprising the steps of: (a) provkiing a substrate for an ink 
jet head which is provkled with said energy generating element ttiereon. (b) fonning a photosensitive resin layer com- 
prised of an ionizing radiation decomposat)le photosensitive resin containing a crosslikable structural unit on saxi sut>- 
strate so as to cover said energy generating element disposed on said sut>strate, 

30 (c) subjecting sakJ photosensitive resin layer to aossiinking treatment to convert sakJ photosensitive resin layer into a 
crosslinked photosensitive resin layer, 

(d) forming a coating resin layer on saki crosslinked photosensitive resin layer to cover saki aosslinked photosensitive 
resin layer, (e) hardening saki coating resin layer, (Q inwiiating ionizing radiation to only a predetermined portion of the 
crosslinkBd photosenstive resin layer whfoh contributes to the formation of an ink pathway to decompose and solut>il ize 
35 said predetermined portion through saki coating resin layer, (q) removing saki predetermined portfon irradiated with 
saki ionizing radiation liy way cfelutfon to form saki ink pattivftiycon^ outlet 

The process of ttie second embodiment will be detailed while referring to FIGs. 10 to 17. Herein, explanations of 
the parts whk:h alre^ have been eDq;)lained in the first ernbodiniienl are 

FIGa 10 to 17 are schematic views for explaining productfon steps of the second embodiment. In RGS. 10 to 17, 
40 there is described of the production of an ink jet head having two discharging outiets (orifices). However, this is only for 
simplifk^atfon purposes. It should be understood tiiat ttie ink jet head includes ink jet heads having a number of dis- 
charging outlets and also an ink jet head having a discharging outiet 

In ttie process of ttie second embodiment ttiere is firsttyprovkied a substrate 1 for an Inkjet head whk;h is provided 
with energy generating elements 2 and an ink sufsply port 3, whtoh is shown in FIG. 1 0. 
45 Then, as shown in FIG. 11. on ttie substrate 1 for an ink jet head, ttiere is fbrrned a photosens^ 

posed of an fonizing radiation decomposable photosensitive resin containing a crosslinkable structural unit so as to 
cover the energy generating elements 2 dsposed on the sutistrata 

In ttie preserrt embocfiment the photosensitive resin layer 4 senses as a partial con^ 
way to be fonned. Therefore, it is desired that of ttie fu^i-inolecular compounds described in the formation of the pho- 
50 tosensitive resin layer in ttie f irst entxxiiment polymettiacrylate series fngh-moiecular compounds which excel in f Bm 
strength are selectively used for the fonmation of the photosensitive resin layer in the present emtxxiiment. 

The formation of the photosensitive resin layer 4 using such polymettiacrylate series high-molecular compound 
may be conducted t^y any of the manners described in the formation of the photosensitive resin layer in the first embod- 
iment 

55 The photosensitive resin layer 4 thus formed is crosslinked by heating it or irradiating ionizing radiation thereto. In 
the case where the photosensitive resin layer is crosslinked l}y the irradiation of ionizing radiation, it is a matter of 
course that fonizing radiation having a wavelengtti by which ttie photosensitive resin layer itseff is deconfXDsed is not 
used. 

The photosensitive resin layer ttius crosslinked is substantially insoluble in organic solvents. 
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After the formation of the aosslinked photosensitive resin layer, as shown in FIG. 1 2. there is formed a coating resin 
layer 6 on the crosslinked photosensitive resin layer $0 as to oover the crosslinked photosensitive resin layer. The coat- 
ing resin layer 6 serves as a structural member of an ink jet head and therefore, the coating resin layer is required to 
have a sufficient mechanical strength, heat resistance, adhesfon property to the sukistrate 1 for an ink jet head, and 
5 resistance to ink. As the constituent material of the coating resin layer, any of the hardening resins described in the for- 
mation of the coating resin layer in the first embodiment may be used. 

The formation of tfie coating resin layer 6 may be conducted tjy any of the manners desofoed in the formation of 
the coating resin layer in the first emtxxtiment. 

Herein, as above described, the photosensitive resin layer 4 is constituted t>y the crosslinked ionizing radation 
10 deconposable photosensitive resin In a state of being substantially insoluble in organk: solvenls and because of this, 
the photosensitive resin layer is nei/er dissolved in the organfo solvem used upon forn^ 

solvent-boating process. Hence, the photosensitive resin layer is never cfissolved into the constituent material of the 
coating resin layer. Therefore, the interface between the photosensitive resin 1^ 4 and the coating resin 1^ 6 is 
always maintained in a desirable state without suffering from a negative influence. This situation pruvkies pronounced 

IS advantages in that no substantial limitation is present as for the solvent used upon fbnning the coating resin layer by 
tfie solvent-coating process and therefore, any solvent, even if it is a solvent having a strong dissolving power, can be 
used for the fonnation of the coating resin layer, and because of this, it is possfole to use resins, which coidd not have 
l)een used for tiie formation of the coating resin layer t>y the solvent-coating process in the prior art for theforimtion of 
the coating resin layer. Particulariy. as for the constituent resin of the coating resin layer, it is not required to have a high 

20 resolution property and therefore, an optimum resin can be selectively used. 

After the fonnation of the coating resin layer 6. discharging outiets 9 (see. FIG. 14) are formed at the coating resin 
1^. The fonnation of the discharging outietsmay be conducted by a pliotolithography process. The forrnation of the 
dischar^ outiets by the photolithography process may be conducted, for instance, in tiie following manner. That is, in 
the case of fcxming the discharging outlets at the coating resin layer by the photoGthography process, the coating resin 

25 layer is constituted by a hardening resin having a negative photosensitive property. Then, as shown in Fia 13. the coat- 
ing resin layer 6 is subjected to light exposure through a dischargpng outtet-forming patterning mask 7 having shiefoing 
portions for forming discharging outiets. By this, the coating resin layer is hardened except for its shieMed porti'ors to 
form a discharging outiet-forming pattern at the coating resin layer, wherein the discharging outiet-forming pattern com- 
prises non-hardened portions based on the shiekied portions and ttie remaining portion of the coating resin layer is 

30 hardened. Thereafter, as shown in FIG. 14. ttie non-tiardened portions are removed t)y eluting them with the use of a 
solvent whereby forming cBscharging outiets 9 at the coating resin layer 6. 

After the formation of the discharging outiets at the coating resin layer, ionizing radiatfon is irradiated to a predeter- 
mined portion of the photosensitive resin layer 4 whfoh oonto'butes to the formation of an ink pathway through ttie hard- 
ened coating resin layer to solubilize saM predetermined portion. Particulariy. as shown in FI& 15, using a ink pathway- 

35 forming patterning mask 5, fonlzing racfiation is irradated to the photosensitive resin layer through the hardened coating 
reski layer to form a solubilized ink pathway-forming pattern 4a (see, FIQ. 16) at the photosensitive resin layer. 

Finally, as shown in FIG. 16. the solubilized ink palhway-fbnrangpefttem 4a is reinovedtjyeluti^ 
a solvent, whereby forming an ink pathway 8 provkied with discharging outiets 9. Thus, there is obtained an ink jet head 
(see. FIG. 17). 

40 As atx]ve descrfoed. in the present embodimerrt the formation of the disdiarging outiets is conducted before the 
solutMlization of the Ink pathway^ming portfon of the photosensitive resin layer 4. This is due to the fact ttiat since the 
coating resin layer is constituted t>y the negative type photosensitive resin, if the inr^iation of ionizing radiation to tfie 
ink pathway4brming portfon of the ptK)tosensitive layer 4 sfKXjU be conducted in advance of the formation of the cfis- 
charging outiets, the discharging outtet-fomrong portions of the coating resin layer 6 are hardened so that no discharging 

45 outiet can t>e formed. 

In ttie present enft>odinmittiie fonnation of the discharging outiets rnay be con^ etching process 

using oxygen plasma whfoh is described in the first enrt)ocfinrtenL In this case, the formation of the dischar^ng outiets 
by the dry etohing process using oxygen plasma is desired to be conducted before the solubilization of ttie ink pathway- 
forming portion of ttie photosensitive layer 4. because if ttie dry etcNng process shoukJ be conducted under condition 
50 that the ink pathway-forming portion Of the photosensitive resin layer 4 is in a solut)ilized state, a prMesn is liak)le to 
occur in that gas is generated from sakJ solutMlized portion of the photosensitive resin layer 4 to result in damaging ttie 
stiape of an ink pathway to be provkied. 

Furttier. in ttie present embodiment, ttie sut>strate for an ink ink jet head has a substantially flat surface ipon form- 
ing tiie coating resin layer by the solvent-coating process, there can be easily attained a flat suriace for the coating resin 
55 layer ftxmed. This situation provkles an advantage in ttiat ttie distance b^een ttie discharging outtet 9 and ttie energy 
generating element 2 can t>e precisely controQed. 

In ttie fdttowing. description wHI be made of an ink-j^ apparatus (U^ in whfoh an ink jet head obtained according 
to the present invention can be used as an ink jet cartridge (UC). 
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FIG. 32 is a schematic diagram illustrating an example of such ink jet apparatus (UA). In FIG. 32. reference nunr>eral 
20 indicates an ink jet cartridge (UC) provkJed with the nozzle group whrch discharges ink onto the printing surface of 
a printing sheet fed on a platen 24. reference numeral 16 a cartridge HC to hoki the UC 20. which is partly coupled to 
a driving t>elt 1 8 of transmitting the driving force of a driving motor 1 7, and siktedbly mounted on two gukie shafts 1 9A 
5 and 19B arranged in paraDel to each other, thus enabling the UC 20 to reciprocate atong the entire wkfth of the printing 
sheet 

Reference numeral 26 indicates a head recovery device whk;h is arranged at one end of the traveling passage of 
the UC. that is, a location opposite to its home positk>n, for example. The head recovery device 26 is driven by the driv- 
ing force of a motor 22 through a transmisston mechanism 23 in order to cap the UC 20. Interiocked with the capping 
10 operation for the U C 20 by a cap unit 26A of the head recovery devk» 26. an ink suctkm is conducted by an appropriate 
suction means provkJed in the head recovery devk» 26 or the pressurized ink feeding is conducted by an appropriate 
pressure means provkJed in the ink supiplt^ passage to the UC 20. When the printing operatfen is terminated, the cap- 
ping is conducted to protect the UC 20. 

Reference numeral 30 incficates a wiping blade made of silkxxie rubber, whteh is arranged at the sUe end of the 
75 head recovery devk:e 26. The blade 30 is heM by a blade hoUing mennber 30A in a cantilever feshk)n, and is driven by 
the motor 20 and the transmission mecfianism 23 in the same manner as in the head recovery device 26, hence ena- 
bling it to engage with the discharging fece of the UC 20. In this way, the blade 30 is allowed to extrude in the traveling 
passage of the UC 20 at an appropriate timing during the printing operation of the UC 20 or subsequent to the dis- 
charge recovery process using the head recovery device 26 in order to wipe dews, wets, or dust particles on the dis- 
20 charging face of the UC 20 ak>ng the traveling of tfie UC 20. 

In the foltowing, the present inventkxi will be described in more detail with reference to the folkTwing examples 1 to 
7. whk:h are only for illustrative purposes and not intended to restrict the scope of the present inventton. 

The fdlk3wing exarr^es 1 to 4 and 7 are belonging to tfie first embodiment of the present invention and the following 
Gxanrples 5 and 6 are t>ek)nging to the second embodinrierit cl the presem i 

2S 

Exarrple 1 

At first there was provkJed a substrate 1 made of silicon for an ink jet head which is provkied with energy generat- 
ing elements 2 each comprising an electrothermal converting element (comprised of HfBa) capable of generating 
30 energy utilized for discharging ink (see, FIG. 1 9). Then, an ink stpply port 3 was formed at the substrate 1 using a YAG 
laser (see. FIG. 19). 

Separately, there was prepared a dry film t>y applying a coating Ik^ukl comprising a cydohexanone solution con- 
taining 15 wL% of a copolymer of methyfisopropenyl ketone and methacrylic acki chferkle (copolymerizatbn ratio: 
8S/1 5, weight average molecular weight: about 200000) onto a PET film and subjecting the Iqud coat formed on the 
35 PET fim to drying. 

Then, as shown in FIG. 20, the dry film thus formed on the PET film was transferred onto the substrate 1 by means 
of a laminator at 1 30 *>C, to thereby form a k)nizing racfiation decomposable photosensitive resin layer 4 on the substrate 
so as to cover the energy generating elements 2 situated on the substrata The photosensitive resin layer 4 was then 
baked at 1 50 °C for an hour to aosslink the photosensitive resin layer 4. 

40 Successively, using a mask aligner PLA-520FA produced by Canon Kabushiki Kaisha (using coU mirror-CM-290). 
ionizing radiation was irradiated to only a predetermined portkNi of the crosslinked photosensitive resin layer, which 
does not contribute to the formation of an ink pathway, for 2 minutes, whereby saki predetermined portk)n was sdubi- 
lized. Thereafter, the soiubilized portbn of the photosensitive resin layer 4 was eluted with the use of methylisobutyl 
ketone to remove the solubifized portkm. foUowed by rinsing with xylene, whereby fbmiing an ink pathway-forming pat- 

45 tern 4a comprised of the remaining croeslinked photosensitive resin layer Cm a non-solubilized state) (see, FIG. 21). 
Herein, the ink pathway-forrning pattern 4a contributes to the fbrnrnlim 
the ink supply port 3 and contains the energy generating elements 2 therein. Thus, the ink pathway-forming pattern is 
left on the locatton where ttie ink pathway is prcvktod. 

The thickness of the resultant ink pathway-forming pattern 4a was found to be 1 1 pm. 

50 Then, as shown in FIG. 22. a mixture of a copolymer of methylmelhacrylate and gtyckJyl mettiacrylate (copolymer- 
izatkHi ratio: 1/4, weight average molecular weight: about 200000 pn terms of tfie polystyrene)) and diethylenetelramine 
(equivalent to an anrxxxnt of active amine (-NH) to the epoxy group in saki copolymer) was dissolved in cydohexanone 
to obtain a cyctohxanone solution containing 21 wt.% of said mixture. The resultant solution was applied onto the sut>- 
strate 1 so as to cover the ink pathway^forming pattern 4a using a spinner, followed by subjecting to hardening f eat- 

55 ment at 100 ''C for 2 hours, whereby a 10 Mmthk:k resin film as a coating resin layer 6 was f^ 

soastocoverthe ink pathway-forming pattern 4a. In this process of forming the coating resin layer 6, no deformation 
was occurred at the ink pathway-forming pattem 4a comprised of the crossliked fonizing radiation deoomposat)le pfio- 
tosensitive resin layer due to the solvent comprising cydohexanone or the constituent resin of the coating resin layer. 
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Thereafter, as shown in FIG, 23, on the coating resin layer 6, a silicon series negative photoresist SNR-M2 (trade- 
mark name, produced by Toso Kabushild Kaisha) was spin-coated at a thickness of 0.6 pm, followed by subjecting to 
prebaking treatment at 80 <^ for 20 minutes, whereby fbrming a resist film 7 on the coating resin layer 6. A patterning 
mask for the fbrmatkm of discharging outlels was then superposed on the resist film 7. folk)wed by subjecting to expo- 
sure for 20 seconds using a PLA-520FA (using cold mirror CM-250). Successively, devetopmenl was conducted using 
a solvent conprising propyleneglycd^aniionomelhyl elherAii-n-butyl ether (= 5^ in terms of volume latfo). and rinsing 
was conducted using a solvent comprising propyleneglycol-a-monomelhyl ether/di-n-butyi ether {= 1/1 in temis of vol- 
ume ratio). Thus, there were forn^ discharging outlet-forming patterns. 

Herein, the silicon series resist used is a negative resist. Therefore, a given pattern is fomned in extractton and 
therefore, it is considered that there woukl entail a problem in forming a fine pattern. However, when the resist film used 
is thin, it is possible to form a pattem of about 2 ^ in diameter. 

In this example, the resuftant discharging outlet-forming patterns were found to be of 25 pm in dianteter. 

Then, as shown in FIG. 24, the substrate 1 was introduced into a parallel flat etching apparatus DEM-451 (trade- 
maxk name, produced by Aneba Company), wherein the coating resin Is^ 6 was sut)jected to cfry etching using oxy- 
gen plasma under conditions of 8 Pa for the oxygen gas pressure; 150 W for the power applied, 30 minutes for the 
etching time, and 0.4 um/imia for the etching speed. By this, there were formed penetrated portfons as discharging out- 
lets 9 at the coating resin layer 6. 

Herein, by properly changing the oxygen gas pressure and the power applied, it \s possftile to vary the degree of 
the etching anisotropy, wherein the configuration of the discharging outlets 9 in the depth cfirection can be property con- 
trolled. And in the case of using a magnetron etching apparatus, it is possible to make the etching speed faster still. 

Thereafter, in order to remove the ink pathway-forming pattem 4a. using the mask aligner PLA-520FA (using cold 
mirror-CM-290), fonizing radiatton was inadiated to the ink pathway-forming pattern 4a through the coating resin layer 
for 2 minutes, whereby the ink pathway4orming pattem 4a was solubilized. Then, the substrate 1 was immersed in 
metf^iSGbutyl ketone for 1 5 seconds while effecting uftrasonk: mve thereinto, whereby the ink pathway-forming pattem 
4a was eluted to renrxiva By this, there was formed an ink pathway 8 (see, FIG. 25). 

Thus, there was obtained an InkJet head. 

In the atwe. the copolymer by which the coating resin layer is constituted is of tt^^ 
type, but because of using the amine hardening agent, the crosslinking proceeds at a high density. Therefore, the 
decomposition reaction occurred when the PLA-520FA is used can be disregarded. 

Example2 

In the same manner as in Example 1 . there was firstly provided a suk)strate 1 made of sificon for an ink jet head 
which is provided wHh energy generating elements 2 each comprising an electrothermal converting element (com- 
prised of HfB^ capable of generating energy utilized for dischargng ink and an ink supply port 3. 

Separately, there was prepared a dry film by applying a coating liquki oorrprising a 20 wt.% diacetone alcohol solu- 
tfon obtained by dissolving, in cfiacetone alcohol, lOOpartsby weightof aoopolynnerof niethylisopropenyl keloneand 
glyddyl dimethacrytate (copolymerizatfon ratio: 8/2, weight average molecular weight: about 150000) and 2 parts by 
weight of a cationic polymerization initiator comprising IRUGACURE-261 (produced by C^-Geigy Cporrpany) onto an 
aramki film, and sut3jecting the Ik^uki coat formed on the aramid film to drying. 

Then, the dry film thus formed on the aranrid fflm was transferred onto the sul)slrate 1 t>y means of a laninator at 
120 **C. to thereby form a ionizing rariiatfon decomposable photosensitive resin layer 4 on the sut>strate so as to cover 
the energy generating elements 2 situated on the sut>strate. 

Using a rnask aligner PLA-501 FA (produced by Canon KabushiW Kaisha), ^ 
jected Id exposure at a principal emissfon line of 366 nm for 10 rrunutes, and thereafter, the photosensitive resin L.ayer 
Wte baked at 100 **C for 30 nrunutes. whereby the epoDcy ring of the glyddyl dimethacrylate of the foregoing copolymer 
contained in the photosensftive resin layer was subjected to ring-opening polymerization to crosslink the photosensitive 
resin layer, in the above exposure process, no decompositfon reactfon was substantiaDy occurred at the methylisopro- 
penyl ketone/glycktyl dimethacrylate copolymer. 

Successively, using the mask aligner PLA-520FA (using coM mirror-CM-290). ionizing radiatfon was irradiated to 
only a predetermined portion of the aosslinked photosensitive resin layer, which does not contribute to the formation of 
an ink pathvi^y, for 70 seconds, whereby said predetermined portion was solubilized. Thereafter, the solutwlized portion 
of the photosensitive resin layer 4 was eluted with the use of methylisobutyl ketone to remove the solubilized portion, 
fbltowed by rinsing with xylene, whereby fbrming an ink pathway-forming pattem 4a comprised of the remaining 
crosslinked photosensitive resin layer (in a non-solut)ilized state). 

The tNcloiess of the resultant ink pathway-fbnnng pattem 4a was found to t>e 12 

Then, a coating resin layer 6 was formed on the substrate 1 so as to cover the ink pathway-forming pattem 4a in 
the following manner. That is. a mixture of 70 parts by weight of a bisphenoi A type epoocy resin EPICCDTE 1 003 (pro- 
duced by VUka SheH Kabushiki Kaisha), 26 parts of a propylene oxkle-mocfified bisphenoi A type epoxy resin EPOUTE 
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3002 (produced by Kyoei KabushiW Kaisha) and 4 parts by weight of a hardener comprfeing cfielhylenetelramine was 
dissolve in cydohexanone to obtain a cydohexanone solution containing 50 wt.% of said mixture as a coating liquid. 
The resultant solution was applied onto the substrate 1 so as to cover the ink pathway-forming pattern 4a using a spin- 
ner, followed by sitijecting to heat treatment aft 1 00 ''C for 3 hours and successively to hardening treatment at 1 50 "C 
lor an hour, wherely a 10 um thick resin film as the a)a1ing resin layer 6 was formed on th^ 

4a. In this process of fomriing the coating resin layer 6. no defomiation was occurred at the Ink pathway-forming pattem 
4a conprised of the crossliked ionizing radiation decomposable photosensitive resin layer due to the solvent comprising 
cydohexanone or the constituent resin of the coating resin layer. 

Thereafter, there was formed a resist f ilm 7 on the coating resin layer 6 in the same manner as in Example 1 . A 
patterning mask for the formation of discharging outlets was then superposed on the resist film 7. followed by sut)jecting 
to exposure for 20 seconds using the PLA-520FA (using odd mirror CM-250). Successively, devetopment was con- 
ducted using a solvent convxising propylenesJyod-a- m o nome thyl elher/di-n-txjtyl ether (= 5/2 in terms of volume ratio), 
and rinsing was conducted using a solvent comprising propyleneglyod-a-monomethyl etherAti-rvbutyl elher (= 1/1 in 
terms of volume ratfo). Thus, there were formed discharging outlet-forming patterns. 

Then, the substrate 1 was introduced into the parallel flat etching apparatus DEM-451. wherein the coating resin 
layer 6 was sii>jected to dry etching using oxygen plasma under conditions of 8 Pa for the oxygen gas pressure. 1 80 W 
for the power applied, and 1 hour for the etching tima By this, there were formed penetrated portkxis as discharging 
outlets 9 at the coating resin layer 6. 

Thereafter, in order to renxjve the ink pathway-forming pattem 4a. using the mask aligner PLA-520FA (using cold 
mirror-CM-290), fonizing radiation was inradiated to the ink pathway-forming pattern 4a through the coating resin layer 
for 2 minutes, whereby the ink pathway-forming pattem 4a was sdubitized. Then, the substrate 1 was immersed in 
m^hylisobutyl ketone fori 5 seconds while effecting ultrasoroc mve thereinto^ whereby the ink pathway-forming pattem 
4awaselutedtoremcva Bythis. there was formed an ink pathway 8. 

Thus, there was obtained an Inkjet head. 

Examples 

In the same manner as in Example 1, there was firstly provided a substrate 1 made of silicon for an ink jet head 
which is provided with energy generating elements 2 each comprising an electrothermal converting element (com- 
prised of HfB2) capable of generating energy utilized for discharging ink and an ink supply port 3. 

Separately, there was prepared a dry film by applying a coating \\quk\ comprising a cydohocanone solution con- 
taining 25 wL% of a copolymer of methylisopropenyl ketone, methylmethacrylate and methacrylic add (copdymeriza- 
tfon ratio: 4/4/2. weight average mdecular weight: about 150000) onto a PET film and subjecting the liquid coat fonned 
on the PET film to drying. 

Then, the dry film thus formed on the PET film was transferred onto the sitetrate 1 by means of a laminator at 1 30 
**C, to thereby form a fonizing racfiation decomposable photosensitive resin layer 4 on the substrate so as to cover the 
energy generating elements 2 situated on the substrate. The photosensitive resm 
10 minutes and successively baked at 180 ""C for 30 minutes to crosdink the phGtosensitive re^ 

Successively, using the mask aligner PLA-520FA (using coM mirror-CM-290). ionizing radiation was irradiated to 
only a predeterrnned portion of the aosdinked photosensitive resin layer, which does not contrflaute to the formation of 
an ink pathway, for 1 .5 minutes, whereby saki predetermined portion was sdubilized Thereafter, the solubilized portion 
of the photosorisrtive redn layer 4 was duted with the use of a solvent conp^ 

(= 1/1) to remove the sdubilized portion, fdlowed by rinsing with xylene, whereby forming an ink pathway-forming pat- 
tem 4a conrprised of tiie remaining crosdinked photosensitive redn layer (in a non-solubilized state). The thfokness of 
the resultant ink pathway^fomning pattem 4a was found to be 15 ^m. 

Thereafter, in accordance with the procedures in Example 2. a coating resin layer 6 was formed on the ink pathway- 
forming pattern 4a. discharging outlets 9 were formed at the coating redn layer 6. and an ink pathway 8 was formed, 
whereby an ink jet head was obtained 

Example 4 

AA first a substrate 1 for an ink jet head was prepared in ttie fdtowing manner. That is. energy generating demwits 
2 each compridng an dectrothermal converting dement (comprised of Hf 82) capable of generating energy utilized for 
discharging ink were spacedly disposed on ttie surface of a dlicon substrate 1 of (100) in lattice plane at an equal inter- 
val. Then, a mask comprised of SialsU cap^e of serving to form an ink supply port 3 was formed at a predetermined 
position of the rear face of the sificon substrate by wiy of anisotropic etching. Thus, tt^^ 
for an Inkjet head. 

Then, udng a spinner, a coating MqM comprising a cydohexanone sdution containing 18 wt.% of a copolymer of 
metiiylisopropenyl ketone and methacrylfo add chtoride (copolymerization ratio: 85/15, wdght average mdecular 
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weight: about 200000) was applied on the sut>strate 1 so as to cover the energy generating elements 2, followed by dry- 
ing the liquid ooat fonned on the silicon substrate 1 at 110 ""C for 3 minutes, whereby a ionizing radiation decomposable 
photosensitive resin layer 4 was formed on the silicon substrate 1. Thereafter, the photosensitive resin layer 4 w»s 
baked at 1 50 ^'C for an hour to aosslink the photosensitive resin layer. 

5 Successively, using the mask aligner PLA-520FA (using cold mirror-CM-290), ionizing radiation was irracfiated to 
only a predetermined portion of the aosslinked photosensitive resin layer, wNch does not contritxjte to the formation of 
an ink pathway, for 2 minutes, whereby said predetermined portion was solubilized. Thereafter, the solubilized portion 
of the photosensitive resin layer 4 was eluted with the use of methylisobutyl ketone to remove the solubilized portion, 
fblfowed by rinsing with xylene, wtiereby forming an ink pathway-fornvng pattern 4a comprised off the remaining 

10 aosslinked photosensitive resin layer Qn a non-solubilized state). The thk:kness of the resultant ink pathway^ming 
pattern 4a was found to be 11 |im. 

Then, a coating resin layer 6 was formed on the substrate 1 so as to cover the ink pathway-forming pattern 4a in 
the fblfowing manner. That is. a mixture of 100 parts by weight of an epoxy resin EHPE 3150 (produced by Daisem 
Kagaku Kbgyo Kabushiki Kalsha), 20 parts of weight of an epoxy resin EPICOTE 1002 (produced by Vbka Shell 

IS Kabushiki Kaisha). a silane coupling agent A187 (jproduced by Nfppon Unicar Kabushiki Kalsha). and a catkmk: polym- 
erization initiator SP170 (produced by Adeca Company) was dissolve in cycfohexanone to obtain a cydohexarxxie 
solution containing 50 wt.% of said mixture as a coating liquid. The resultant solution was applied onto the substrate 1 
so as to cover the ink pathway^fforming pattern 4a using a spinner, followed l)y sut)iecting to drying at 90 ""C for 5 min- 
utes, whereby a 1 2 pm thk;k coating resin layer 6 was formed on the ink pathway-forming pattern 4a. 

20 Herein, the resultant coating resin Layer 6 had a negative photosensitive property (which means that only a portion 
thereof irradiated with light is hardened). Therefore, as shown in FIG. 1 8. the coating resin layer 6 was sut)jected to pat- 
terning exposure using a patterning mask. Partiodarly. using a mask aligner MPA-600 (produced by Canon Kabushiki 
Kalsha). the coating resin layer 6 was subjected to exposure at a principal eniissm 

value of 3 J/cm^. Herein, no decomposition reaction was substantially occurred at the ink pathmy-fdrming pattern. The 
25 coating resin layer thus treated was heated at 90 ''C for 5 minutes, and the non-exposed portions of the coating resin 
layer were removed by eluting tiiem with the use of meUiylisobutyl ketone, whereby discharging outiets 9 were formed 
at the coating resin layer 6. 

TTien. in order to form ttie ink supply port 3 at the silkxxi substrate 1 , anisotropic etching was conducted at 80 **C 
using an anisotropk; etching solution comprising an aqueous solution containing 22 wt.% of tetramettiylammonium 
30 hydroxide while preventing the etching solution from reaching the surface side of the sificon substrate. 

Thereafter, in accordance with the procedures in Example 1. the ink patiiway-fbrming pattern 4a was removed to 
form an inkpatiiway 8. 

Thus, fliere was obtained an Inkjet head. 

35 Examples 

In the same manner as in Example 1 . there was ftrstty provkied a substrate 1 made of sificon for an ink jet head 
whk:h is provided with energy generating elements 2 each comprising an electrothermal converting element (com- 
prised of Hf B2) capable of generating energy utilized for dischar^ng ink and an ink stpply port 3 (see, RG. 26). 

40 Separately, there was prepared a dry film by applying a coating I'quid comprising a cycfohexanone solution con- 
taining 1 8 wt% of a copolymer of methylmethacrylate and methacrylic acW (copolymerization ratio: 8/2, weight average 
molecular weight: about 180000) onto an aramid film, and sut>jecting ttie Piquid coat formed on ttie aramid film to drying. 

Then, as shown in Fia 27, the dry film ttius formed on the aramid film was transferred onto ttie substrate 1 by 
means of a laminator at 120 ""C, to thereby form a fonizing racfiation decomposable photosensitive resin layer 4 on ttie 

45 substrate so as to cover the energy generating elements 2 situated on the substrata The photosensitive resin layer 4 
thus formed on the suk)6trate 1 was txiked at 180 for an hour to crosslink the photosensitive resin layer into a 
crossllnked photosensitive resin layer in a state of being substantially insoluble in aganic solvents. 

Thereafter, as shown in FIG. 28, in accordance witti the procedures of forming ttie coating resin layer 6 in Example 
4, a coating resin layer 6 composed of a negative photosensitive resin was formed on ttie aosslinked photosensitive 

50 resin layer 4. In ttiis process of forming ttie coating resin layer 6, ttie crossliked fonizing radiation decomposable photo- 
sensitive resin layer 4 was suffered from no negative influerxie due to the solvent used for the formation of the coating 
resin layer or the constituent resin of ttie coating resin layer. 

Then, as shown in FIG. 29, in accordance witti ttie discharging ouUet-fbrming procedures in Example 4. ttiere were 
formed discharging outiets 9 at the coating resin layers. 

55 Thereafter, as shown in FIG. 30, using an ink pattiway-forming patterning mask 5 and using a 2KW-<leep-UV expo- 
sure devfoe (produced by Ushto Denki Kabushiki Kaisha). fonizing radiation was irracfiated to only a predetermined ink 
pattiway-forming portion of ttie photosensitive resin layer 4 ttirough saki pattering mask 5 and ttie coating resin layer 6 
for 10 rninutes. vvhereby a ink pattiway4orming pattern 4a in a solubilized slate was fbrrn^ 

layer 4. 
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Sucessively. the ink pathway-forming pattern 4a was removed by way of elution in the same manner as in Example 
1, wheret)y forming an ink pathway 8. 

Thus, there was obtained an ink jet head. 

5 Examples 

In the same manner as in Example 1. there was firstty provided a sut)s1rate 1 made of silicon for an ink jet head 
which is provided with energy generating elements 2 each comprising an electrothermal converting element (com- 
prised of Hf B2) capable of generating energy utilized for discharging ink arxJ an ink supply port 3. 

10 Separately, there was prepared a dry film kjy applying a coating lic^id comprising a 20 wt.% cydohexanone solution 
obtained by dissolving, in cydohexanone. 1 00 parts weight of a copolymer of methytmethacrylate and glycidyl meth- 
acrylate (copolymerization ratfo: 9/1 . weight average molecular weight: about 180000) and 2 parts by weight of a cati- 
onic polymerization initiator comprising an IRUGACURE-261 (jproduced tiy Ciba-Geigy Cpompany] onto an aramid film, 
and subjecting the liquid coat formed on the aramid film to drying. 

IS Then, the dry film thus formed on the aramid film was transferred onto the substrate 1 tiy means of a laminata at 
120 ""C, to thereby form a ionizing radiation deconrposable photosensitive resin layer 4onthesut)Strate8oastDCOver 
the energy generating elem^its 2 situated on the sut>strate. 

Lteing the mask aligner PLA-501 FA, the photosensitive resin layer 4 was sii>jected to exposure at a principal emte- 
sfon line of 366 nm for10 minutes, and thereafter, the photosensitive resin layer was baked at 110 ""C for 15 minutes. 

20 whereby the epoxy ring of the glycidyl methacrylate of the foregoing copolymer contained in the photosensitive resin 
layer was subjected to ring-opening polymerization to crosslink the photosensitive resin layer. In the above exposure 
process, no deconposition reaction was substantially occurred at the copolymer conr^^ 

ddyl methacrylate. 

Then, in accordance with the procedures of forming the coaling resin layer 6 in Example 1 , a coating resin layer 6 
25 composed of the same constituent material as that of the coating resin layer 6 in Example 1 was formed on the 
crosslinked photosensitive resin layer 4. Thereafter, in accordance with the discharging ouflet-fdmning procedures in 
Example 1, there were formed discharging outiets 9 at the coating resin layer 6. 

Successively, as well as in the case of Example 5. using the ink pathway-forming patterning mask 5 and using ttie 
2KW<leep-UV exposure devk^e. fonizing radiation was irradiated to only a predetermined ink pathway-forming portion 
30 of ttie photosensitive resin layer 4 ttirough said pattering mask 5 and the coating resin layer 6 for 10 minutes, whereby 
a ink pathway-forming pattem 4a in a solubilized state was fomied at ttie photosensitive resin layer 4. 

Then, the ink pattiway-forming pattern 4a was renrxived by way of elution in the same manner as \n Example 1. 
whereby forming an ink pathway 8. 

Thus, there was obtained an ink jet head. 

3S 

Comparative Example 1 

In tt)e same manner as in Example 1, there was firstty provkied a substrate 1 made of silicon for an Inkjet head 
which IS provided wtth energy generating elements 2 each comprising an electrothermal converting element (com* 
40 prised of hlfB2) capable of generating energy utilized for discharging ink and an ink supply port 3. 

Then, an OZATEC R-255 (trademaric name, produced by Hoexist Corrpany) was laminated onto the substrate 1 as 
a positive type dry film t>y rneans of a lanunator. to thereby form a photosen^ 

cover ttie energy generating elements 2 situated on ttie substrate. Herein, ttie OZATEC R-255 is a resist comprised of 
a novolak resin arxJ a cfissolution prohikxting agent 

4s The photosensitive resin layer 4 thus formed on the substrate 1 was baked at 110 ""C for 20 minute^^ 

Thereafter, using ttie mask aligner PLA-501 FA. ttie photosensitive resin layer 4 was subjected to patterning by w^ 
of exposure, fdfowed by devetopnriem witti ttie use of a devetoper MIF-312 
form an ink pattiway-fbrming pattern 4a. 

Successively, in accordance witti ttie procedures of Example 1 , wfttiout having conducted ttie irradiation of fonizing 

50 relation to ttie ink pattiway-forming pattern 4a as in Example 1 because the constituent resin of the ink pathway-form- 
ing pattem 4a was not such ionizing radiation decomposable photosensitive resin as in Exairple 1 . a coating resin layer 
6 composed of the same constituent material as that of the coating resin layer 6 in Example 1 was formed on the sut>- 
strate 1 so as to cover ttie ink pattiway-forming pattern 4a and discharging outiets were formed at ttie coating resin layer 
6, followed t>y removing ttie ink pattiway-forming pattern 4a by way of elution to form an ink pathway 8. 

55 Thus, there was obtained an ink jet head. 
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ConrpaFative Example 2 

In the same manner as in Example 1. there was firstly provided a substrate 1 made of siBcon for an ink jet head 
which is provided with energy generating elements 2 each comprising an electrothermal converting element (com- 
prised of HfBs) capable of generating energy utilized for dischar^ng ink and an ink supply port 3. 

Separately, there ¥vas prepared a dry film by applying a coating liquid conrprising a cyck>hexanone solution con- 
taining 20 wt% of a copolymer of methylmethacrylate and methacrylic add (copdymerization ratio: 8/2, weight average 
molecular weight: about 120000) onto an aramid film, and siijjecting the liquid coat formed on the aramid film to drying. 

Then, the dry film thus formed on the aramid film was transferred onto the substrate 1 by means of a laminator. to 
thereby form a ionizing radiation decomposable photosensitive resin layer 4 on the substrate so as to cover the energy 

generating elements 2 situated on the substrata 

The photosensitive resin layer thus formed on the substrate 1 vvas then 
case, it was found that no crosslinking reaction was substantially occurred in the photosensitive resin layer. 

Thereafter, by repeating the procedures of forming the ink pathway^forming pattern 4a, the coating resin layer 6 and 
the dfecharging outlets 9, an ink pathway-forming pattern 4a was formed, a coating resin layer 6 was formed on the sul>- 
strate 1 so as to cover the ink pathway-forming pattern 4a. and discharging outlets 9 were formed at the coating resin 
layer 6. Successively, the ink pathway-forming pattern 4a was removed by way of elution In the same manner as in 
Example 1 to theret>y form an ink patfrway 8. 

Thus, there was obtained an ink jet head. 

Conparative Example 3 

In the same manner as in Example 1, there was firstly provkied a substrate 1 made of siBcon for an Inkjet head 
whk:h is provkied with energy generating elements 2 each comprising an electrothermal converting element (com- 
prised of HfBs) capable of generating energy utilized for discharging ink and an ink supply port 3. 

Separately, there was prepared a dry film by applying a coating \k\utd comprising a cyctohexanone solution con- 
taining 20 wt% of a copolymer of methylmethacrylate and methacrylic add (copolymerization ratio: 8/2, weight average 
molecular weight: atxxrt 120000) onto an aramki film, arvJ subjecting the lK|uid coat fomned on ttie aramid film to drying. 

Then, the dry film thus formed on the aranrud film was transfenred onto the substrate 1 by means of a laminator. to 
thereby form a kxiizing radiation decomposable photosensitive resin layer 4 on the substrate so as to cover the energy 
generating elements 2 situated on the substrata The photosensitive resin layer 4 thus formed on ttie sut>strate 1 was 
baked at 200 for 30 nrvnutes to crosslink ttie photosensitive resin layer into a aosslinked photosensitive resin layer 
in a state of being substantially insoluble in organk; solvents. 

Thereafter, using ttie ink pattiway-^brming patterning mask 5 and using the 2KWdeep-llV exposure devk», ioniz- 
ing radiation was irradiated to only a predetermined ink pathway-forming portion d the photosensitive resin layer 4 
through said pattering mask 5 for 10 nunutes, whereby a ink pattiway-forming pattern 4a in a sdubillzed state ms 

formed at ttie photosensitive resin layer 4. 

Then, wittK)ut conducting devetopnient for the photosensitive resin layer 4, by re^^ the procedures of forming 

the coating resin layer 6 and ttie discharging outiets 9 in Example 2, a coating resin layer 6 was formed on the substrate 
1 so as to cover ttie photosensitive resin layer 4, and discharging outiets 9 were formed at the coating resin layer 6. Suc- 
cessively, ttie ink pattiway-forming pattern 4a was removed by way of elution in the same manner as in Example 1 to 
ttiereby form an ink pathway 8. 

Thus, ttiere was obtained an Inkjet head. 

Evaluation 

1. As for each of ttie ink jet heads obtained in Exanplesl to 6 and in Comparative Examples 1 to 3. ttie shape of 
the ink pattiway was examined by means of a microscopa Herein, ttie coating resin layer of any of these Inkjet 
heads is tiyaline and ttierefiore. it is possble to examine the shape of the ink pattiway through the coating resin 
layer. 

As a result, it was found ttiat the ink pattiway of any of ttie ink jet heads obtained in Examples 1 to 6 » in in a 
desirable state with no deformation. 

On ttie ottier hand, as for the Inkjet head obflained in Comparative Example1.it was found ttiat ttie ink pathway 
is signrfk»ntiy deformed arxJ is in a practically unacceptable state. As for the ink jet head obtained in Comparative 
Example 2, it was found ttiat ttie ink pattiway is partially deformed. As for ttie ink jet head obtained in Comparative 
Example 3, it was found ttiat a ttiin film-tike reskiue is present at the latent-image formed interface between ttie 
coating resin layer and ttie photosensitive resin layer. H is conskJered ttiat ttiese defects found in ttie ink jet heads 
ot^ed in Comparative Examples 1 to 3 wouMk>e occurred due to the reason that as the solvent used ipon ttie 
formation of ttie coating resin layer has a strong dissolving power, ttie ink pattiway-forming portion of ttie photosen- 
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sitive resin layer would have been partly dissolved by the strong dissolving power-possessing solvent to result in 

nnaking the resulting ink pathway in such deformed state. 

2. As for each of the Inkjet heads obtained in Exanples 1 to 6 and in Conr^^ 

performance was evaluated in the folfowing manner. That is, each ink jet head was set to an ink jet apparatus used 
5 for experimental purposes, wheran using ink comprised of a composition of pure water/glycerin/direct black 154 
(water-soluble black dye) 65/30/5 in terms of wL%), test printing was conducted for A4 sized sheets. 

As a result, as for each of the ink jrt heacte obtained In Examples 1 to 6. it was found that the Inkjet head stably 
and continuously exha)its a satisfactory ink discharging performance and always provides a satisfactory print product. 
10 On the other hand, In the case of the ink jet head obtained in Comparative Example 1, the ink jet head did not 
exhibit normal ink discharging performance from the beginning. In the case of the ink jet head obtained in Comparative 
ExafPfAe 2, some of the print products provkJed were found to have a certain distorted portion. In ttie case of the ink jet 
head obtained In Conrparative Example 3, it exhibited defective ink discharging peribmnance to provide print products 
accompanied white fines. 

IS Based on tiie evahiated results, it was found that according to the process of the present invention, tiiere can be 
effectively produced a high quality Inkjet head even in the case of using a solvent having a strong dissolving power 
upon the formation of the coating resin layer. 

Example? 

20 

The procedures of Example 4 were repeated, except ttiat the starting silicon substrate 1 for an ink jet head was 
changed to a silteon wafer substrate of 5 inches in size having a number of energy generating elements 3 spacedly 
arranged thereon so that 200 ink jet heed units can be formed and each of the 200 ink jet head units on the resultant 
finally ofcrtamed was cut, to thereby obtain 200 ink jet heads. In this example, as the solvent used upon the formation of 
2S tiie coating resin layer, cydohexanone (having a strong dissolving pcwer) was used. 

Comparative Example 4 

The procedures of Example 7 were repeated, except that the solvent cydohexanone used upon the formation of 
30 the coating resin layer was changed to a solvent composed of toluene/cycfohexanone (= 9/1 in temfis of weight ratio), 
to thereby obtain 200 ink jet heads. 

Evaluation 

35 As for the 200 ink jet heads obtained in each of Example 7 and Comparative Example 4, they were sutsjected to the 

ink discharging test in order to examine the yiekl. 

As a result, the yieU as for the 200 ink jet heads obtained in Exaniple7wasfound tobe80%. Ontheother hand, 

ttie yield as forttie 200 Inkjet heads obtained in Comparative Example 4 was found to be 65%. 

Now. as for the solvent composed of toluene/cydohexanone (= 9/1 in terms of weigh! ratio) used in CorTf)aiative 
40 Exarrple 4, ttie toluene is its prindpal component and because of ttiis. it is possible to use conventional no¥Olak series 

resists as ttie material for ttie formation of the ink pattiway-fbrming pattern 4a. However, in Comparative Example 4. 

since the foregoing solvent composed of toluene/cydohexanone was used upon the formation of the coating resin layer. 

it is consklered that the coating resin layer could not be formed at a uniform thk;kness and this situation resulted in such 

reduction in the yieM. 

45 Separately, as for ttie defective irik jet heads in Conparative Example 4. ttieir cfistrflxition in the silicon wafer of 5 
inches in size was examined. As a result, it was found tttat the ink jet heads formed in ttie peripheral area of the silicon 
wafer are mostty defective. As for ttie reason for ttiis. it is consklered ttiat in Comparative Example 4. ttie coating resin 
layer could not be fbrmed at a unifomii ttikAness in ttie peripheral area of ttie silkxxn wafer. 

Based on ttie evaluated results, it was found that according to the process of ttie present invention, ttiere can be 

50 mass-produced a high quality Inkjet head at a high yieki by using a solvent having a strong dissdving power upon ttie 
formation of the coating resin layer. 

As apparent from the atx3ve description, the process of the present Invention makes it possible to mass-produce a 
high quality Inkjet head at a high yield. Particulariy, in ttie process of tiie present invention, even if a solvent having a 
strong dissolving power is used in ttie coating process of forming ttie coating resin l^er, ttie coating resin layer is effi- 

55 denfly formed while attaining a desired uniformity for the tNckness thereof and wittiout effecting any negative influence 
to ttie photosensitive resin layer, wherein a predse ink pattiway witti no deformation can be effectively formed, resulting 
In producing a high quality ink jet head at a high yieki. In addition, in ttie process of the present invention, ttiere is no 
substantial limitation for the sdvent used upon ttie formation of the coating resin layer by the coating process and ttiis 
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situation makes it possit)le to use resins, which could not have been used for the formation of the coating resin layer in 
the prior art for the fomnation of the coating resin layer. 

These significant advantages of the process of the present invention can not t>e easily provided kyy the prior art 
A process for producing an ink jet head including an ink pathway communicated wHh a discharging outlet and an 
energy generating element for generating energy utiized for discharging ink from said discharging outlet, said process 
conprising the steps of: providing a sut>strate provided with said energy generating element thereon; forming a photo- 
sensitive layer corrprised of a ionizing racfiation decomposable photosensitive resin containing a crosslinkable struc- 
tural unit on said substrate so as to cover said energy generating element disposed on said sitetrate; sut^jecting said 
photosensitive resin layer to crosslinking treatment to convert said photosensitive layer into a crosslinked photosensi- 
tive layer; forming a coating resin layer on saM crosslinked photosensitive layer; hardening said coating resin layer; irra- 
diating fonizing radiation to said crosslinked photosensitive layer throi^ said hardened coating resin layer to 
deconpose and sdubilize saM crosslinked photosensitive layer so as to contribute to the formation of saki ink pathway; 
and eluting sakI crossfinked photosensitive layer irradiated with said ionizing radiatfon to thereby form said ink pathway 
communicated with the discharging outlet. 

Claims 

1 . A process for producing an ink jet head including an ink pathway conrmiunicated with a discharging outlet, and an 
energy generating element for generating energy utilized lor discharging ink from said discharging outlet, said proc- 
ess comprising tfie steps of. 

0) provUing a substrate provided with said energy generating element thereoa 

01) forming a photosensitive layer comprised of an fonizing radiation deconposable photosensitive resin con- 
taining a cro6Slinkat)le structural unit on saad substrate so as to cover sakl energy generating element (fisposed 

on said &ut)strate, 

(iii) subjecting said photosensitive layer to crosslinking treatment to convert saki photosensitive layer into a 
crosslinked photosensitive layer. 

Civ) forming a coating resin layer on saki crosslinked photosensitive layer. 

(v) hardening said coating resin layer, 

(vi) irradiating ionizing radiation to said crosslinked photosensitive layer through said hardened coating resin 
layer to decorrpose and solUxlize saki crosslinked ptxitosensitive layer so as to contritxjte to theformatfon of 
saki ink pathway, and 

(vi) eluting saki crosslinked photosensitive l^er irradiated with saki fonizing radiatfon to thereby form saki ink 
pathway communfoated with the discharging outlet 

2. A process for producing an ink jet head according to daim 1 whfoh further corrprises a step of irradiating fonizing 
radiatfon to only a predetermined portion of the crosslinked photosensitive layer whfoh does not contribute to the 
formation of the ink pathway to sdi^Kze saki predetermined portfon prior to the fonnatfon of the coating resin layer 
and a step of eluting saki predetenmined portfon other ttian the remaining portion of ttie crosslinked photosensitive 
layer not irradiated with saki fonizing radiatfon. 

3. A process for producing an ink jet head according to daim 2, wherein the coating resin layer is formed by means 
of solvent-coating. 

4. A process for produdng an ink jet head according to daim 2. wherein the photosensitive resin layer is comprised 
of a photosensitive resin having a chemfoal stnxrture represented by the following general formula (I): 
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IS 



(wherein A is a structural unit capat)le of b&VQ crosslinked, Ri is an alkyl group, R2 is a group selected from the 
group consisting of alkyl groups, substituted and non-substituted aroniatic rings, and hetero^ 
20 n are respectively an integer.) 



5. A process for producing an Inkjet head according to daim 3, wherein the coating resin layer is 
able resin. 



of acur- 



25 6. A process for producing an ink jet head according to dalm 5 which further conprises a step of forming a discharg- 
ing outlet at the coating resin layer. 

7. A process for producing an ink jet head according to daim 6. wherein the formation of the discharging outlet is con- 
ducted by means of dry etching using an oxygen plasma. 



30 

& A process for produdng an ink jet head according to dalm 6. wherein the formation of the discharging outlet is con- 
ducted by means of photolithography. 

9. A process for produdng an ink jet head according to daim 6. wherein the fbrmation of the discharging outlet is con- 
as ducted by means of exdmer laser. 



ss 



10. A process for produdng an ink jet heed aooorcfing to daim 3, wherein the coating resin lay^ 
mocurat)ie resin. 

40 11. Aprocessforprodudnganinkjetheadaccordingtoclaim10whichfurtherconfY)ris^ 
ing outlet at the coating resin layer. 

12. A process for produdng an ink jet head according to daim 11, wherein the formation of the discharging outlet is 
conducted by means of dry etching using an oxygen plasma. 

45 

13. A process for producffig an ink jet head according to daim 11, wherein the formation of the discharging outlet is 
conducted tyy means of exdmer laser. 

14. A process for produdng an ink jet head according to daim 1 , wherein the irradiation of fonizing radiatfon in the step 
50 (vi) is conducted only for a predetermined portion of the aosslinked photosensitive layer which contributes to the 

formation of the ink pathway to solubllize said predetermined portfon. 

1 5. A process for produdng an ink jet head according to daim 1 . wherein the fonration of the coating resin layer is con- 
ducted by means of solvent-coating. 



16. A process for produdng an Inkjet head according to daim 14. wherein the photosensitive resin layer is comprised 
of a photosensitive resin having a chemfoal structure represented tjy the folkMring general formula (II): 
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(wherein A is a structural unit capak^le of being aosslinked. R3 Is an alkyt group or halogen atom. R4 is a group 
selected from the group consisting of alkyl groups, substituted and non-substituted aromatic rings, and heterocyclic 
rings, and m and n are respectively an integer.) 



17. A process for producing an Inkjet head aocorcfing to daim 15, wherein the coating resin layer is comprised of a 
photocurable resia 

18. A process for producing an ink jet head according to daim 1 7 which further conprises a step of forming a discharg- 



19. A process for produdng an ink jet head according to daim 18, wherein the formation of the discharging outiet is 
conducted by means of (fry etchuig using an oxygen plasma. 

35 20. A process Ibr produdng an ink Jet head according to daim 18. wherein the formation of the discharging outiet is 
conducted by means of photolithbgraphy. 

21 . A process for produdng an ink jet head according to daim 18, wherein the formation of the disdiarging outiet is 
conducted by means of exdmer laser. 



22. A process for produdng an Inkjet head according to daim 15, wherein the coating resiri layer is comprised of a 
thermocurable resin. 

23. A process for produdng an ink jet head aoxHding to daim 22 which hirttiercorT^^ 



24. A process for produdng an ink Jet head according to daim 23. wherein the formation of the cfischarging outiet is 
conducted tyy means of cby etching using an oxygen plasma. 

so 25. A process for produdng an ink jet head according to daim 23, wherein the formation of the disdiar^ng outiet is 
conducted by means of exdmer laser. 

26. A process for produdng an Inkjet head according to daim 1 , wherein the photosensitive resin layer is corrprised 
of a photosensitive resin having a chemfoal structure represented by the fbllGwing general formula (I): 

55 
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ing outiet at the coating resin layer. 
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(wherein A is a structural unit capable of being crosslinked, is an alkyi group, R2 is a group selected from the 
group consisting of aikyi grotps, sitetituted and non-substituted aromatic rings, and heterocyclic rings, and m and 
20 n are respectively an integer.) 

27. A process for producing an ink jet head accoiding to claim 26, wherein the photosensitive resin layer is comprised 
of a photoK706Slinkable resin. 

25 2S. A process lor produdng an ink jet head according to claim 26, wherein the photoseri^^ 
of a thermo-cro6slinkat)le resin. 

29. A process for producing an ink jet head according to claim 1 , wherein the photosensitive resin layer is comprised 
of a photosensitive resin having a chemical structure represented by the following general formula (II): 



«3 
I 

fcHj-C-)^; t-A^ (II) 



. ) 1 ~- •. 



I 

o=c 

I 

0 

I 



«4 

(wherein A is a structural unit capable of being aosslinked, R3 is an alkyI group or halogen atom. R4 is a grotq:> 
selected from the group consisting of alkyI groups, substituted and non-substituted aromatic rings, and heterocyclic 
rings, and m and n are respectively an integer.) 

55 30. A process for producing an Inkjet head according to daim 29, wherein the photosensitive resin layer is corrprised 
of a photo-crosslinkable resin. 

31 . A process for producing an ink jet head according to daim 29, wherein the photosensitive resin layer is comprised 
of a ttiermo^crosslinkatsle resin. 
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